Objectives: The purpose of this investigation was to determine whether a predictable relationship existed between self-reported dizziness handicap and video Head Impulse Test (vHIT) results in a large sample of patients reporting to a dizziness clinic. Secondary objectives included describing the characteristics of the vHIT ipsilesional and contralesional vestibulo-ocular reflex slow-phase velocity in patients with varying levels of canal paresis. Finally, the authors calculated the sensitivity and specificity of the vHIT for detecting horizontal semicircular canal impairment using the caloric test as the "gold standard."
INTRODUCTION
The ability to manage vertigo depends, in part, on a clinician's ability to identify evidence of vestibular system impairment. While a comprehensive assessment requires the ability to measure the function of six semicircular canals and four otolith end organs, the assessment of the peripheral vestibular system was limited to functional measures of the horizontal semicircular canals and the superior portion of the vestibular nerve until 1990. The main purpose of the balance system is to provide stable vision during head and body movements. The function of the balance system can be evaluated through the use of a thorough history as well as various bedside examinations and formal testing. Traditionally, vestibular caloric testing has been considered the gold standard for assessing vestibular function. While this test provides a qualitative and quantitative evaluation of vestibular function by comparing the two sides, it does have a number of limitations. First, testing is at the below normal, nonphysiologic frequency of approximately 0.003 Hz (McCaslin & Jacobson 2009 ). Second, the testing is unable to detect whether deficits are static, compensated, or in a state of active recovery. Last, the test is time-consuming and relatively unpleasant for patients due to symptoms of nausea and dizziness.
Most recently, clinicians have started to report balance evaluations using a clever adaptation of the bedside Head Impulse Test (i.e., the bHIT) originally described by Halmagyi and Curthoys (1988) . Essentially, using high-frame-rate infrared video-recording techniques, one can quantify the properties of reflexive eye movements that occur in response to short, high-velocity, high-acceleration, and manually delivered head impulses. The high-tech implementation of the bHIT has been called the video Head Impulse Test [vHIT] . The premise of the assessment is based on the understanding that the electrical output of a damaged end organ in response to an excitatory stimulus is not as strong as that recorded from an intact end organ. Thus, in the case of significant right-sided horizontal semicircular canal impairment, a rapid rightward head turn will evoke a deficient compensatory leftward eye movement. The deficient compensatory eye movement makes it impossible to maintain visual fixation on a stationary target as the head moves. The magnitude of the compensatory eye movement in response to the head impulse is referred to as "gain." A gain of 1.0 implies that the compensatory eye movement was perfectly equal and opposite to the direction the head was moved. A gain of 0.5 implies that the compensatory eye movement was only half of that needed to maintain visual fixation on a target. When the compensatory eye movement is insufficient, the vision system initiates a correcting saccade to bring the eye back to the stationary visual target. When the correcting saccade occurs at or after the termination of the head impulse, it is referred to as an "overt" saccade. During and following dynamic vestibular compensation, the "overt" saccade may be supplemented with a saccade that actually occurs during the head movement instead of at its termination. These eye movements are referred e186 MCCASLIN ET AL. / EAR & HEARING, VOL. 35, NO. 5, to as "covert" saccades and probably represent the brain's "best guess" of where the head impulse will end. It has been suggested that information on which "the guess" is based may be supplied by neck proprioceptors and/or information supplied to the brain by the suppression of the functioning end organ during the head impulse (MacDougall & Curthoys 2012; Manzari et al. 2013) . Investigators have reported that modern-day videorecording techniques provide data equivalent to that recorded with scleral search coil techniques (i.e., the gold-standard technique for eye movement recordings; Bartl et al. 2009; MacDougall et al. 2009 ).
There is currently debate in the scientific community as to whether the vHIT will replace the bithermal caloric test. The vHIT examination has several advantages over caloric testing. First, when abnormal, the test has a high specificity of approximately 90%. In addition, the test is relatively quick, requiring only a couple of minutes to complete testing and analysis. As well, the test does not produce the symptoms of nausea or discomfort that can occasionally be encountered following a caloric reaction. The vHIT has also been shown to provide results regarding the status of the vertical semicircular canals (i.e., anterior and posterior) in addition to the horizontal semicircular canal . Last, careful analysis of the postimpulse saccades (i.e., over and covert) during vHIT can provide the examiner with insight into the state of the patient's central nervous system compensation for unilateral vestibular impairments ). However, the vHIT also has several potential disadvantages when compared with traditional caloric testing. Previous investigations have shown consistently that even though a caloric asymmetry becomes clinically significant at ~22 to 25%, the asymmetry must equal or exceed ~40 to 60% (i.e., far surpassing the ~22-25% caloric asymmetry upper limit for normative data in most laboratories) for the performance characteristics of the vHIT to be sensitive to canal paresis (Mahringer & Rambold 2012; Zellhuber et al. 2013) . In addition, the testing relies on the ability of the examiner to perform reliable, quick, and succinct head rotations. Last, the test requires the patient to have adequate neck mobility to avoid potential injury.
The purposes of the present investigation were to (1) determine whether self-reported dizziness handicap differs significantly between patients with normal and abnormal vHITs, (2) describe the characteristics of the vHIT ipsilesional and contralesional vestibulo-ocular reflex (VOR) slow-phase velocity (SPV) in patients with varying levels of canal paresis, and (3) reassess in a large clinical sample the performance characteristics (i.e., sensitivity and specificity) of the vHIT for detecting peripheral vestibular system impairments when the bithermal caloric test result is the gold standard. We hypothesized that since the frequency spectrum of the vHIT test is approximately 1 to 6 Hz, which is equivalent to the motions encountered in everyday life, patients with abnormal caloric and vHIT examinations would have a significantly higher self-reported dizziness handicap than patients with normal vHIT findings. To date, there are a limited number of studies reporting a significant predictive relationship between self-report measures of dizziness disability handicap and quantitative measures of vestibular system function (Batuecas-Caletrio et al. 2013).
SUBJECTS AND METHODS

Subjects
The protocol was approved by the Institutional Review Board (no. 111734) of Vanderbilt University, and informed consent was obtained from each patient. The study group was a sample of convenience. A total of 115 patients under the age of 65 years were included in the study (mean age 45.63 years [SD = 14.91], 58 males) who underwent balance function testing at the Vanderbilt University Medical Center. In this prospective study, patients presenting to the Vanderbilt Balance Disorders Clinic with the chief complaint of vertigo, dizziness, or imbalance were considered for enrollment. Participants selected for the study demonstrated a clinical history consistent with vestibular neuritis/labyrinthitis and had a negative magnetic resonance imaging exam. Exclusion criteria included any form of centrally generated nystagmus (e.g., down-beating or bidirectionally gaze-evoked) that was unable to be significantly suppressed. Either the monothermal warm caloric test (MWCT; Jacobson & Means 1985; Jacobson & Calder 2000; Murnane et al. 2009) or alternate binaural bithermal caloric test (ABBT; Fitzgerald & Hallpike 1942) , and the vHIT were administered to all patients and control subjects. Participants were placed into four groups based on the magnitude of caloric asymmetry.
Videonystagmography
Videonystagmography (VNG) testing was conducted with the patient sitting (i.e., for ocular motility testing and for assessment of spontaneous nystagmus) or lying (i.e., for positioning, positional, and for caloric testing). Caloric testing was conducted with an ICS Mastr system, with the subject in a semi-recumbent position (i.e., supine with head elevated 30 degrees). Patients who received ABBT testing received irrigations of 250 mL for 25 sec in each ear, with the water stimulus calibrated at a temperature of 44°C for warm caloric testing and 30°C for cool caloric testing. Those undergoing MWCT received only the warm water irrigations. As has been published previously, the MWCT was administered only when all subtests leading up to the caloric test were normal and when each warm caloric irrigation produced a mean maximum SPV of at least 11 degrees/sec. Immediately following the beginning of the caloric irrigation, the patient was engaged in alerting tasks. Caloric responses were recorded for 2 min following the onset of the water stimulus, and a measure of VOR suppression (i.e., VOR suppression/fixation suppression) was obtained following identification of the max SPV of the nystagmus response. The data were entered into either monothermal or bithermal caloric asymmetry formulas (Jongkees 1964). Based on previous research, the MWCT in this study was considered abnormal if a 25% or greater difference in max SPV existed between the right and left ears (Jacobson & Means 1985; Jacobson et al. 1995) . If the response to the MWCT was found to be abnormal based on the above criteria, the patient also received the cool water irrigations and the ABBT was completed. The ABBT was considered abnormal if the asymmetry for the maximum mean slow-phase nystagmus velocity was ≥22%. Alternately, a normal test was a max SPV asymmetry that was <22% for the ABBT and <25% for the MWCT.
Video Head Impulse Test
vHIT responses were recorded using a monocular EyeSee-Cam video-oculography (EyeSeeCam ® , Munich, Germany) MCCASLIN ET AL. / EAR & HEARING, VOL. 35, NO. 5, e185-e191 e187 system with the camera positioned to enable left-eye velocity recording. Patients were seated facing a wall at a distance of 5 ft. A 1" by 1" picture was fixed to the wall approximately 4 ft above floor level at central gaze and served as the visual target. The EyeSeeCam video-oculography goggles were affixed to each participant's head using an adjustable elastic band that could be tightened or loosened to provide both comfort and to ensure there was no goggle slippage during the head impulses. In order to ensure that the eye would be accurately tracked with right and left head movements, the camera position was adjusted so that the pupil was centered on the video display. The video system sampled the eye movements at the rate of 250 Hz. Calibration of the EyeSeeCam was performed using a laser affixed to the center of the goggles that projected one point at primary gaze and four points that were oriented 8.5 degrees from center in both the horizontal and vertical planes. The calibration procedure was completed in a darkened room, and participants were instructed to fixate on each target as directed by the examiner while keeping their heads still. Prior to data collection, each patient was seated and instructed to relax his or her neck and fixate on the target.
Eye movement recordings were captured by four doctorallevel audiologists with extensive expertise in administering the vHIT exam. vHIT outcomes (i.e., normal or abnormal) were assessed by two PhD-level audiologists with an expertise in vestibular assessment and a neurotologist with expertise in examining eye movements to diagnose dizziness. The results from the caloric examination were masked during the interpretation of the vHIT data. VOR responses were generated with the examiner positioned behind the participant while firmly grasping the subject's jawline. Care was taken by each examiner not to touch the goggle system during testing. The subjects were instructed to keep their jaws gently closed and fixate on the target throughout testing. VOR responses from impulses with a velocity of less than 150 degrees/sec were discarded. The direction and timing of the head impulses were varied randomly, and two independent sets of data were collected to ensure reliability. Head displacements during the impulses varied between 10 and 20 degrees. The mean differences between eye and head peak velocity (degrees/sec) and latency (msec) were measured at three different moments (i.e., 40, 60, and 80 msec) following the onset of the head impulse. The presence of covert and overt saccades was defined as significant acceleration peaks recorded either during (i.e., covert saccade) or following the termination (i.e., overt saccade) of the head impulse. A subset of patients were encountered who could not be tested with the vHIT system. This included patients who presented with cervical spine impairments (identified during the case history) or patients who were simply unable to relax their neck musculature so that an impulse could be performed. In addition, there were a number of patients who could not maintain stable gaze on the target throughout the impulse or even with the head at rest. Finally, there were patients who could not comfortably tolerate the fit of the googles and subsequently testing was halted.
Dizziness Handicap
The Dizziness Handicap Inventory (DHI) was administered to all patients. The DHI is a 25-item self-assessment measure of dizziness disability/handicap that is psychometrically robust (Jacobson & Newman 1990 ). The scale consists of 25 statements that a patient must respond to using a "yes" (4 points), "sometimes" (2 points), or "no" (0 points) format. Thus, a total score of 100 points represents maximum self-report dizziness handicap, and a minimum handicap would be awarded a score of 0 points. The scale was administered in a face-to-face format to all 115 subjects prior to balance function testing.
Statistical Analysis
Patients were categorized into one of four groups based on MWCT caloric asymmetry (i.e., "CA"). The groups included: CAGROUP1 (0-25%), CAGROUP2 (26-50%), CAGROUP3 (51-75%), and CAGROUP4 (76-100%). In the present study, a multivariate general linear model was used for data analyses using SPSS version 21.0 (SPSS, Inc., Chicago, IL). To calculate the slow-phase VOR in response to impulses, the instantaneous VOR gain was derived by averaging the responses at 40, 60, and 80 (VOR 40-80 ) msec postimpulse.
These continuous data were analyzed using multivariate analyses of variance in an attempt to detect differences in averaged ipsilesional and contralesional VOR 40-80 gain, total DHI score, and degree of caloric asymmetry. For each of these analyses, the VOR 40-80 gain and the DHI total score obtained during each trial served as the dependent variable, and the four groups defined by degree of caloric asymmetry served as the grouping factors.
When a significant main effect was found, post hoc analyses were done using Bonferroni-corrected pairwise comparisons (SPSS Bonferroni adjusted p values are quoted). For this investigation, a p value ≤0.05 was selected as the threshold of statistical significance. In an effort to determine the relationships between caloric asymmetry, VOR gain, and total DHI score, Spearman correlation coefficients were calculated between caloric asymmetry, vHIT gain, and self-report dizziness handicap.
Data deemed as categorical were compared using Pearson Chi-square test. A vHIT test was considered abnormal if 1. slow-phase VOR 40-80 velocity gain dropped below 0.7 (Nadine Lehnen, personal communication), 2. covert saccades were present for >50% of the trials, and 3. overt saccades were present for >50% of the trials.
In order to determine the degree of caloric asymmetry needed before a vHIT test was abnormal, a nonparametric receiver-operating characteristic curve (ROC) was plotted (sensitivity versus 1-specificity). Using the ROC technique, sensitivity and specificity as well as negative and positive predictive value were calculated by determining the one point on the curve where sensitivity and specificity were maximized.
RESULTS
Effects of Caloric Asymmetry on vHIT Velocity Gain
Because the severity of the caloric asymmetry would be expected to have an effect on VOR gain characteristics, we conducted a single-factor, between-groups analysis of variance, where caloric asymmetry served as the independent variable and the averaged vHIT gain (i.e., VOR 40-80 ), both ipsilesionally and contralesionally served as the dependent variables. There were significant main effects for ipsilesional gain (F = 50.51, df = 3, p ≤ 0.000), and contralesional gain (F = 4.097, df = 3, p ≤ 0.008). Both ipsilesional and contralesional gain decreased as caloric asymmetry increased.
e188 MCCASLIN ET AL. / EAR & HEARING, VOL. 35, NO. 5, Bonferroni-adjusted t tests showed significant differences in ipsilesional slow-phase vHIT VOR gain between all of the groups except CAGROUP2 and CAGROUP3. Specifically, there were significant differences in vHIT gain between CAGROUP1 and CAGROUP2 (p = 0.022), between groups CAGROUP1 and CAGROUP3 (p ≤ 0.000), between CAGROUP1 and CAGROUP4 (p ≤ 0.000), between CAGROUP2 and CAGROUP4 (p ≤ 0.000), and between CAGROUP3 and CAGROUP4 (p ≤ 0.000).
As caloric asymmetry increased, the vHIT gain obtained from the contralesional ear also decreased. Only a significant difference between CAGROUP2 and CAGROUP 4 was found when contralesional vHIT gain was compared to caloric asymmetry. In order to determine whether there was a predictive relationship between ipsilesional and contralesional vHIT gain and caloric asymmetry, Pearson product-moment correlations were calculated. When caloric asymmetry was treated as a continuous variable, a significant negative correlation was demonstrated for both ipsilesional VOR gain (r = −0.76, p < 0.000) and contralesional vHIT gain (r = −0.30, p < 0.001). Figures 1 and 2 show that as the severity of caloric asymmetry increased, both ipsilesional and contralesional slow-phase VOR gain decreased. While both contralesional and ipsilesional gain decreased with increasing peripheral impairment, the correlation was stronger for the ipsilesional comparison than for the contralesional comparison.
Caloric Asymmetry, Slow-Phase VOR Velocity Gain and Self-Report Dizziness Handicap
The average DHI total score for the entire cohort was 38 (SD = 22.59) points, representing a moderate self-perceived dizziness handicap (McCaslin 2012). The range of scores on the DHI varied from 0 (no self-perceived handicap) to 100 (severe self-perceived handicap). A two-way analysis of variance was conducted to evaluate whether differences existed between selfreport dizziness handicap and caloric asymmetry (CA groups 1-4) and vHIT outcome (abnormal or normal). For this analysis, the DHI total score represented the dependent variable and caloric asymmetry group (CA groups 1-4) and vHIT outcome (normal/abnormal) served as the independent variables. None of the group comparisons reached statistical significance, and there were no significant interactions (i.e., p > 0.05). Pearson product-moment correlations were calculated to determine whether predictive relationships existed between self-perceived dizziness handicap, caloric asymmetry, and vHIT outcome. No significant correlations (i.e., p > 0.05) were found between the electrophysiological test results and self-reported dizziness handicap.
Caloric Asymmetry and Overt and Covert Saccades
Overt and covert saccades were described as bidirectional acceleration peaks occurring in >50% of the samples for each test. Using a Pearson Chi-square test, saccade data were analyzed to determine whether significant differences existed in occurrence rates of saccades between the different caloric asymmetry groups. The results showed that, as caloric asymmetry increased, the proportion of patients with covert and overt saccades significantly increased (Chi-square test, p < 0.001, df = 3 for both groups).
The Relationship Between vHIT Outcome and Caloric Asymmetry
A vHIT examination was considered to be normal or abnormal according to the criterion described in the Methods section. Significant differences were detected between patient groups with varying levels of caloric asymmetry and vHIT outcome using a Pearson Chi-square test (Chi-square test, p < 0.001, df = 3). Figure 3 illustrates the relationship between the severity of the caloric asymmetry and the percentage of patients demonstrating an abnormal vHIT outcome.
In order to determine whether vHIT gain could accurately identify patients with a significant caloric asymmetry (>25%), a nonparametric ROC was calculated (Fig. 4) . Using the results of the caloric test as the independent variable, the sensitivity of the vHIT was calculated to be 0.78 and the specificity to be 0.95. The area under the ROC curve was calculated as 0.92 (95% confidence interval = 0.86-0.99). A cutoff point of 39.50% caloric asymmetry optimized best sensitivity and specificity (i.e., a 39.5% caloric asymmetry was associated with a sensitivity of 0.81 and a specificity of 0.82). 
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Clinicians should be advised that these results argue strongly against replacing the caloric test with the vHIT. The present data support the view that a normal vHIT result could occur for patients with caloric asymmetries between 25 and 40%. Whether this has occurred (in three separate investigations) because the caloric test and vHIT are assessing the VOR at the two functional extremes of its frequency spectrum is immaterial. An age-tested measure of vestibular system function can be abnormal when the vHIT is normal. Using a ≥39.5% caloric asymmetry as the normal upper limit, we found the positive predictive value of the vHIT was 0.93 and the negative predictive value 0.85.
DISCUSSION
The recently developed vHIT has been described as an alternative (i.e., to caloric testing) and superior (i.e., since the stimulus is motion of the head) method for assessing the horizontal semicircular canal ). Further, the vHIT is the only existing method for assessing the functional status of the vertical canals Weber et al. 2009; Curthoys et al. 2011) . Patients were separated into four groups based on the severity of their caloric asymmetry. The primary objective of this investigation was to determine whether a predictable relationship existed between self-report dizziness handicap and vHIT test results in a large sample of patients reporting to a dizziness clinic. Secondary objectives included determining the sensitivity and specificity of the vHIT for detecting horizontal semicircular canal impairment using the caloric test as the "gold standard." We present data that are in agreement with several previous investigations that suggest there is a disassociation between vHIT and caloric asymmetry outcomes (Mahringer & Rambold 2012; Zellhuber et al. 2013 ).
Self-Report Dizziness Handicap and vHIT Response Characteristics
In the present study, on average, patients presented with a moderate perceived level of dizziness handicap (McCaslin 2012). In addition, there were no significant group differences (i.e., vHIT normal versus vHIT abnormal) in the total DHI score. These findings are in agreement with previous studies attesting to the contention that, regardless of the modality (e.g., hearing impairment, tinnitus), there is a very poor relationship between measures of impairment severity and handicap severity. For example, Jacobson and McCaslin (2003) reported that higher scores on the DHI (i.e., more severe self-perceived dizziness handicap) correlated poorly with results of quantitative measures of vestibular system function. Similarly, Robertson and Ireland (1995) examined selfreport dizziness and postural stability in a large sample of patients referred for complaints of dizziness. The investigators found that regardless of the medical diagnosis, dizzy patients presented with some level of preexisting dizziness handicap (i.e., the average DHI total score was 38.8 ± 22.6). There were no significant differences detected between physiological measures of vestibular function and patient dizziness handicap. In a recent study, Pelosi et al. (2013) conducted a retrospective chart review of adult patients with vestibular complaints. Patients had unilateral ocular vestibular evoked myogenic potential abnormalities (with normal caloric and cervical vestibular evoked myogenic potential tests). This abnormal group was compared to a group of patients with normal balance function test results. There were no significant differences in DHI scores observed between the two groups.
An emerging consensus in the literature is that scores of self-report dizziness handicap are more strongly correlated with factors other than objective testing abnormalities. These factors include coping strategies, anxiety, and depression symptoms (Piker et al. 2008) . Although it was our hypothesis that since the vHIT stimulus is comparable to the frequencies of natural head motion, and therefore patients with abnormal vHIT results would show a greater level of disability/handicap (i.e., greater total DHI scores), this did not occur. The results of this investigation add to the existing data showing that measures of disability/handicap are often at odds with measures of impairment, unless the impairments are bilateral and profound (Jacobson & Calder 2000) . Accordingly, measures of self-report disability/handicap can, in some instances, provide unique information to the clinician evaluating dizzy and vertiginous patients (e.g., Jacobson e190 MCCASLIN ET AL. / EAR & HEARING, VOL. 35, NO. 5, 
Caloric Asymmetry and vHIT Contralesional Velocity Gain
Previous investigators have commented that in the presence of reduced ipsilesional vHIT gain, the contralesional gain also is reduced but not to the same magnitude (Mantokoudis et al. 2013) . The previous investigators observed these changes following complete unilateral deafferentation, whereas we observed the same trend in our group with differing levels of caloric asymmetry. In this manner, our findings extend the observations made by Mantokoudis et al. (2013) . No one is certain whether the contralesional changes are driven by the necessity of contralesional type I neurons to increase centrally the electrical tone of the ipsilesional vHIT by decreasing their inhibitory influence (Mantokoudis et al. 2013 ). The caloric stimulus creates an electrical asymmetry that mimics electrical response generated by natural head movements, so we feel that criticism of the caloric test as nonphysiological is not compelling. It is likely that the vHIT is measuring the function of VOR at a different (i.e., higher) frequency range than the caloric test (i.e., lower frequency). Normative data for what constitutes a significant caloric asymmetry have existed for a half a century. Further, what constitutes the upper normal limit of caloric asymmetry is remarkably stable from laboratory to laboratory. More often when there is a discrepancy, the caloric test is abnormal while the vHIT is normal.
Caloric Asymmetry and vHIT Outcome
There have been several reports published recently describing the sensitivity and specificity of the vHIT compared to caloric testing (Mahringer & Rambold 2012; Zellhuber et al. 2013 ). This comparison is of great interest to electroneurodiagnostic clinicians, who for decades have sought out alternative measures to the bithermal caloric test. There has been great hope that the vHIT might replace the caloric test; however, questions still exist regarding the clinical utility of this new technology. While the vHIT does provide access to the integrity of the vertical canals, there is no "gold standard" against which the test results can be compared. For this reason, the present study was focused on describing the relationship between horizontal vHIT and caloric testing and the ability of each test to detect horizontal semicircular canal impairment. Our findings in patients with varying degrees of unilateral peripheral impairment are largely in agreement with the reports of others showing that the outcome of the vHIT depends largely on the severity of the caloric asymmetry (Mahringer & Rambold 2012; Zellhuber et al. 2013) ; that is, as expected, we observed a higher number of abnormal vHIT examinations with increasing caloric asymmetries. Figure 5 illustrates the mean canal paresis and vHIT outcome for the sample.
To better understand the relationship between vHIT outcome and caloric asymmetry, an ROC curve was constructed. The ROC is a statistical method that can be used to determine the probability that a randomly chosen pair of patients, one with a unilateral peripheral impairment affecting the horizontal semicircular canal and the other with normal vestibular function, will be correctly categorized by the vHIT. The data from the present study indicate that a caloric asymmetry of 39.5% is needed to optimize the discrimination between an abnormal and normal vHIT. This is very close to the 42.5% that was reported by Perez and Rama-Lopez in 2003 using the traditional bHIT (i.e., without the use of video goggles).
CONCLUSIONS
Our findings suggest that in a sample of convenience, the level of self-report dizziness handicap experienced by patients cannot be predicted by the outcome of the vHIT. This finding is at odds with the report from Batuecas- Caletrio et al. (2013) showing that dizziness handicap differed significantly between patients with organized and disorganized catch-up saccades; that is, the investigators reported that a measure of impairment magnitude produced significantly different levels of dizziness handicap. Thus, it has been asserted that the vHIT provides information not only about vestibular impairment but also about the effect of the impairment on a patient's quality of life. It has been suggested that the vHIT is predictive of dizziness handicap since the frequency spectrum measured with the vHIT (i.e., 1-4 Hz) falls within the frequency range encountered in everyday life (Jorns-Häderli et al. 2007 ). The signal that the caloric test is akin to (based on the envelope of the velocity tracing) is more like a trapezoid than a constant acceleration; that is, the diffusion of temperature change (±98.6°F) in the canal results in a gradual increase in the deflection of the horizontal semicircular canal cupula (acceleration), and then, as temperature increase ends and a decrease back to ambient level (i.e., 98.6°F) occurs the cupula returns back to its resting position.
Investigators have suggested that the properties of the vHIT are superior to those associated with the caloric examination (Curthoys 2012) . However, our findings suggest that the vHIT and caloric data are not redundant but, instead, are complementary; that is, each test provides a unique set of data regarding the integrity of the horizontal semicircular canal and state of central nervous system dynamic vestibular compensation. There are distinct advantages and disadvantages that the vHIT exhibits when the caloric test is used as the comparison. The advantages are the obvious reduction in the time it takes to perform the vHIT, the avoidance of nausea that is occasionally encountered during caloric testing, and the insight into the state of compensation that the patient is in at the time of testing Bartolomeo et al. 2013; Batuecas-Caletrio et al. 2013; Mantokoudis et al. 2013; Zellhuber et al. 2013 ). However, our sample represents a group of patients who were considered to be statically compensated; that is, patients did not demonstrate any spontaneous vestibular nystagmus at the time of the assessment. 
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It is our contention that the vHIT will offer clinicians new insights into the mechanisms underlying the central compensation process in those patients suffering an acute impairment. It is noteworthy that there was a subset of patients who could not be tested using vHIT. In such cases, patients were often resistant to the head impulse or would not continually keep their gaze on the target. The vHIT is an exciting and complementary test to the balance function examination and should be used in conjunction with, rather than as a replacement for, caloric testing.
Limitations
There are obvious limitations in any investigation of vHIT performance characteristics. First, participants in the study were a sample of convenience; that is, the groups of caloric weakness were devised based on the patients who presented to our dizziness clinic and were not pre-selected. Second, a "gold standard" must be identified as the comparator. The caloric test was chosen as the comparator in this investigation. We freely admit that the caloric test is "nonphysiological" (i.e., the normal peripheral vestibular system is not unilaterally activated or inhibited during normal head movements). However, the caloric test has been accepted as the "gold standard" measure of peripheral vestibular system impairment for over a century in various incarnations. As such, we chose the caloric test for our estimates of vHIT sensitivity and specificity. The results have suggested that the vHIT is insensitive to the detection of unilateral caloric asymmetries between ~25% and ~40%, and this finding is consistent over at least two other published reports (Mahringer & Rambold, 2012; Zellhuber et al. 2013) . Further research will need to be undertaken to further investigate the relationship between patient symptoms (i.e., compensation) and their outcomes on the vHIT and caloric exam. The vHIT may well provide clinicians with a tool to begin to better understand how the severity of a peripheral vestibular system deficit impacts long-term balance disturbances and patient symptoms. If it can be determined that in cases where the vestibular impairment is severe enough to trigger an abnormal finding on vHIT (>39.5% caloric asymmetry), it may provide important insight into how therapists should approach rehabilitation.
